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Although Arabidopsis is well established as the premiere model species in plant biology, rice (Oryza sativa) is moving up fast as
the second-best model organism. In addition to the availability of large sets of genetic, molecular, and genomic resources, two
features make rice attractive as a model species: it represents the taxonomically distinct monocots and is a crop species. Plant
structural genomics was pioneered on a genome-scale in Arabidopsis and the lessons learned from these efforts were not lost
on rice. Indeed, the sequence and annotation of the rice genome has been greatly accelerated by method improvements made
in Arabidopsis. For example, the value of full-length cDNA clones and deep expressed sequence tag resources, obtained in
Arabidopsis primarily after release of the complete genome, has been recognized by the rice genomics community. For rice
.250,000 expressed sequence tags and 28,000 full-length cDNA sequences are available prior to the completion of the genome
sequence. With respect to tools for Arabidopsis functional genomics, deep sequence-tagged lines, inexpensive spotted
oligonucleotide arrays, and a near-complete whole genome Affymetrix array are publicly available. The development of
similar functional genomics resources for rice is in progress that for the most part has been more streamlined based on lessons
learned from Arabidopsis. Genomic resource development has been essential to set the stage for hypothesis-driven research,
and Arabidopsis continues to provide paradigms for testing in rice to assess function across taxonomic divisions and in a crop
species.

ARABIDOPSIS AND RICE STRUCTURAL GENOMICS

Access to a complete, finished genome for any
organism provides the basis for large-scale exploration
of biology. With respect to plants, Arabidopsis has
secured the historical record of being the first plant
genome to be sequenced (Arabidopsis Genome Initia-
tive, 2000) with rice (Oryza sativa) coming in second
(Goff et al., 2002; Yu et al., 2002). The Arabidopsis
genome is essentially complete with the exception of
few gaps primarily at the centromeres. However, the
rice genome remains as a draft sequence until the
projected completion in December 2004 by the public
International Rice Genome Sequencing Project (IRGSP;
http://rgp.dna.affrc.go.jp/IRGSP/).

The value of both organisms as model species for
plant biology is further supported by the availability
of not one genome sequence, but multiple genome
sequences. For Arabidopsis, the public consortium
sequenced to draft level the heavily utilized Columbia
accession while a private company, Cereon, sequenced
the second most utilized accession, Landsberg erecta
(Ler; Jander et al., 2002). For rice, there have been four
genome sequencing efforts; three focused on the
Nipponbare cultivar from the temperate subspecies
japonica (Sasaki and Burr, 2000; Barry 2001; Goff et al.,

2002) and one on the 93-11 variety from the tropical
subspecies indica (Yu et al., 2002). In addition to the
nuclear genomes, both the chloroplast and mitochon-
drial genomes of Arabidopsis and rice are publicly
available (Hiratsuka et al., 1989; Unseld et al., 1997;
Sato et al., 1999; Notsu et al., 2002).

Both Arabidopsis and rice genome sequencing was
preceded by expressed sequence tag (EST) sequencing
as this provides not only an inexpensive sampling
method for the expressed fraction of a genome, but
also provides a quantitative profile of expression
levels in specific tissues. ESTs also have utility as the
cDNAclones themselvesarevaluable reagents for func-
tional genomic studies. Currently, there are approxi-
mately 200,000Arabidopsis and approximately 266,000
rice ESTs in the dbEST division of GenBank (http://
www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.
html).

ANNOTATION OF THE ARABIDOPSIS AND
RICE GENOMES

Obtaining genomic sequence is the first step in
a genomics-oriented approach to biology. Following
sequencing, annotation, in which the genes and other
features in the genome are curated, is essential to
provide researchers with tools for biological research.
However, most researchers perceive annotation as
a straightforward step that can be completed quickly.
In fact, annotation is not trivial and is a dynamic
process, improving with time and effort as it is an
iterative and on-going process. For Arabidopsis, the
community was able to access manual annotation of
each bacterial artificial chromosome (BAC) as it was
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released to the public. When the genome was com-
plete, the consortium created pseudomolecules (vir-
tual contigs) for each of the five chromosomes along
with the annotation of the entire genome (Arabidopsis
Genome Initiative, 2000). Since 2000, the genome has
been reannotated by The Institute for Genomic Re-
search (TIGR; Haas et al., 2003; Wortman et al., 2003),
resulting in refinement of the gene models, improve-
ment of gene name assignments, and identification of
new gene models. In comparison to the 25,498 genes
described initially (Arabidopsis Genome Initiative,
2000), the latest release of the TIGR ATH1 genome
(Release Version 5) has 26,207 predicted genes and
3,786 pseudogenes that include the transposable-
element related gene models (C. Town, personal
communication; http://www.tigr.org/tdb/e2k1/ath1/
ath1.shtml; Table I). Further annotation features such
as gene ontologies, expression patterns, mutants, and
literature curations are available for Arabidopsis,
primarily at The Arabidopsis Information Resource
(Rhee et al., 2003).
Compared to Arabidopsis, annotation of the rice

genome is in its infancy. The IRGSP has developed
a model similar to the Arabidopsis Genome Initiative
with the annotation for finished BACs released as the
sequence is deposited in public databases. However,
the large size of the rice genome, coupled with the
presence of large amounts of unfinished genome
sequence data, has resulted in the need for whole
genome annotation databases in which biologists can
access and retrieve annotation for the entire genome,
both for finished and unfinished BACs. In rice, the
most current estimate of protein coding gene models
is approximately 45,000 with another approximately
11,000 gene models encoding transposable element
related genes (http://www.tigr.org/tdb/e2k1/osa1/

pseudomolecules/info.shtml). As with Arabidopsis,
the quality of annotation data will continue to improve
as the rice genome nears completion and dedicated
annotation projects accelerate their activities. One
advantage to rice genome annotators will be the ability
to use Arabidopsis annotation as a reference and
assign function to rice genes by comparison to Arabi-
dopsis sequences. Indeed, for a large number of genes
in the predicted rice proteome homologs can be found
in Arabidopsis (Sasaki et al., 2002; Rice Chromosome
10 Sequencing Consortium, 2003). However, it should
be noted that the simple sequence-based comparisons
described to date between Arabidopsis and rice most
likely are incomplete due to the unfinished rice ge-
nome sequence and/or the preliminary nature of rice
genome annotation. For both Arabidopsis and rice,
another layer of functional annotation can be obtained
through comparison of knockout phenotypes, EST
databases, and expression data sets although experi-
mental validation will be required to confirm this
putative annotation.

There are two methods for annotation: manual cura-
tion in which each genemodel is inspected by a human
annotator and automated annotation in which gene
models and associated information are determined
solely through computational methods. There are ad-
vantages and disadvantages to eachmethod and either
method, or a combination of both methods (semiauto-
mated), can be appropriate depending on the genome
size and the needs of the research community. One
critical feature of genome annotation is the refinement
of the genemodel structure, i.e. intron-exon boundaries
and untranslated regions. Annotators construct the
gene model based on two main data types: output
from ab initio gene finders and alignment of the
sequences from various databases such as EST and

Table I. Features of the Arabidopsis and rice genomes

Arabidopsis Rice

Chromosome no. 5 12

Nuclear genome size 119 Mb 358 Mb (430 Mb)a

Number of genes 26,207 and 3,786b Approximately 45,000 and approximately
11,000c

Chloroplast genome size 154,478 bp 134,525 bp
Number of genes 87 protein, 45 RNA genes 108 protein coding, 49 RNA genes

Mitochondrial genome size 366,924 bp 490,520 bp
Number of genes 117 protein, 33 RNA 56 protein, 25 RNA

No. ESTs 196,988d 266,004d

aThe rice genome is estimated at 430 Mb (Arumuganathan and Earle, 1991) and the nonredundant
sequence available to date from the IRGSP is 358 Mb (http://www.tigr.org/tdb/e2k1/osa1/pseudomole-
cules/info.shtml). bNumber of genes in Arabidopsis from Release 5 of the TIGR ATH1 database (http://
www.tigr.org/tdb/e2k1/ath1/ath1.shtml) is 26,207 protein coding genes and 3,786 pseudogenes, which
includes the transposable-element related gene models. cNumber of gene models in rice from Release
1 of the TIGR OSA1 database (http://www.tigr.org/tdb/e2k1/osa1/pseudomolecules/info.shtml) includes
approximately 45,000 protein coding gene models and approximately 11,000 transposable element
related gene models. dNumber of ESTs from Release 011604 of the GenBank dbEST database (http://
www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.html). NA, not available.
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protein datasets. Often, there is conflicting information
presented to the annotator who then has to make the
best judgmentwith respect to the genemodel structure.
However, overriding ESTs, protein homology, and ab
initio gene finder output for use in annotation are
full-length cDNA sequences. Large collections of full-
length cDNA sequences are available for both Arabi-
dopsis and rice (Haas et al., 2002; Seki et al., 2002;
Kikuchi et al., 2003), yet neither collection represents all
the geneswithin the genome, presenting a challenge for
annotators. A complementary approach to obtain gene
structure information was used in Arabidopsis by
hybridizing mRNA populations from various tissues
to a set of high-density oligonucleotide arrays that span
the entire genome (Yamada et al., 2003). This has
proven to be a high throughput method to identify
the ORFeome.

Regardless of rice or Arabidopsis, annotation is, and
will continue to be, an iterative process. There are two
main problems inherent to BAC-by-BAC or gene-by-
gene manual annotation. First, each gene model or
BAC is examined at one point in time and the gene
models annotated early in the pipeline are stale or out-
of-date compared to the gene models annotated at the
end of the pipeline. Second, having the entire genome
available at the time of annotation enables construc-
tion of paralogous families as all models for closely
related genes are available and constructed simulta-
neously. Thus, annotating a large genome such as rice
must utilize automated and semiautomated annota-
tion methods in order to take advantage of the
continually, newly available experimental evidence
such as full-length cDNAs. In addition, annotating
gene families rather than individual gene models, an
approach adopted during the reannotation of the
Arabidopsis genome, will be essential in rice.

COMPARATIVE GENOMICS

Plant biologists have rapidly incorporated compar-
ative genomics into their research programs. With
respect to Arabidopsis, comparison of the Columbia
and Ler genomes resulted in the availability of a high-
density sequence-based polymorphism map, allowing
positional cloning efforts to be greatly accelerated as
the most common mapping population is Columbia 3
Ler (Jander et al., 2002). In addition, it is becoming
clear that natural variation between accessions is
a valuable resource for identifying gene function.
Analysis of natural variation allows for the detection
of gene function for which no mutants can be isolated
due to either a subtle phenotype or lethality of the
mutation, the isolation of naturally occurring mutants,
and the isolation of new alleles (Alonso-Blanco and
Koornneef, 2000). As new genomic technologies be-
come less expensive and higher through-put in nature,
polymorphisms between accessions can be detected on
a genome-wide scale, strongly accelerating this field
of research (Borevitz and Nordborg, 2003). Another
level of comparative genomics will involve the avail-

ability of whole shotgun sequence data from Bras-
sica oleracae (http://www.tigr.org/tdb/e2k1/bog1/;
http://nucleus.cshl.org/genseq/comp_genomics/
index.html) that will allow for more evolutionary
distant comparisons to be made.

As a member of the Poaceae family, rice is closely
related to other cereals such as wheat, maize, barley,
sorghum, oats, and sugarcane. Not only is there a high
degree of conservation of phenotypic features across
this family, synteny is conserved across the cereal
genomes (for review, see Gale and Devos, 1998). With
the availability of genome sequence for rice, research-
ers have been able to expand on synteny studies in the
cereals from the macro scale reported previously to
a more micro scale. Although it is clear that synteny
between cereal genomes is not as absolute as pre-
viously reported, local regions of collinearity will be of
immense use in positional cloning efforts in larger
cereal genomes and in the identification of agronomic
traits of interest. The availability of genomic sequence
from two subspecies of rice provides a deep resource
for evolution and adaptation studies. Clearly, the two
subspecies are highly conserved (Feng et al., 2002; Yu
et al., 2002) even though they are adapted to temperate
(japonica) and tropical (indica) climates. However, the
absence of complete genome sequence for at least one
of the subspecies complicates highly detailed analyses
and with the nearing completion of the japonica rice
genome sequence, these avenues of investigation can
be studied in more detail.

GENERATION OF GENOME-SCALE RESOURCES
FOR FUNCTIONAL GENOMICS

The rationale for sequencing a plant genome is to
obtain comprehensive information to understand
plant biology with sequencing and annotation as the
first steps in this process. Depending on an individu-
al’s background or the status of tools and/or reagents
within a genome or community, functional genomics
has many definitions. Here, we wish to be broad and
consider any technique or approach that identifies
gene function and/or the role of a gene in plant
biology to be functional genomics. As entire books
could be devoted to functional genomics in just rice or
Arabidopsis, we will focus on large-scale resources
and/or tools available to the respective research com-
munities (Table II) that highlight the advances and
status of functional genomics research. We will then
highlight a few case studies in which Arabidopsis and
rice have been directly compared and further our
understanding of plant biology and the differential
features of monocots and dicots.

REVERSE GENETICS

Reverse genetics has and will continue to be a pow-
erful tool to identify gene function. In Arabidopsis, an
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exquisite set of tagged lines is available to the com-
munity. Themost refined set is the collection of T-DNA
tagged SALK lines available from the Ecker lab
(Alonso et al., 2003). Within this collection are
.225,000 tagged lines, approximately 88,000 of which
have been sequenced revealing insertions into 21,700
genes. Clearly, the ability to search a sequence data-
base for a mutant line in the gene of interest is
a powerful tool for Arabidopsis researchers. Other
collections of Arabidopsis lines have been developed
and provide additional reservoirs for reverse genetics
(Young et al., 2001; Sessions et al., 2002; Till et al., 2003).
Similar reverse genetics approaches have been used
for rice but are not as advanced. Similar to Arabidop-
sis, T-DNA tagged populations are being generated in
rice and flanking sequences have been analyzed en-
abling database searches for tagged genes (An et al.,
2003; Chen et al., 2003; Sha et al., 2004). In addition,
the Ac/DS gene and enhancer trapping system for
insertional mutagenesis has been applied to rice
(Upadhyaya et al., 2002; Kolesnik et al., 2004). One fea-
ture of rice that differs from Arabidopsis is the abun-
dant presence within the genome of retrotransposons.
Exploiting the activation of the native Tos17 retro-
transposon upon tissue culturing, Miyao et al. (2003)
report generation of 47,196 Tos17 lines that collectively
contain an estimated 500,000 insertions. Large scale
sequencing of Tos17 insertion sites is under way, with
a searchable database available for screening (http://
tos.nias.affrc.go.jp/miyao/pub/tos17/).

EXPRESSION PROFILING PLATFORMS

One of the more information-rich functional geno-
mic data types is provided by expression profiling
through microarrays. Although the technology is still
evolving, three platforms have established themselves

in the research community: spotted cDNA arrays,
spotted oligonucleotide arrays, and direct synthesis
of the oligonucleotides on the slide such as Affymetrix
(http://www.affymetrix.com) and Agilent (http://
www.chem.agilent.com). The Arabidopsis community
quickly embraced gene expression profiling resulting
in a substantial number of publications that have not
only documented expression levels in multiple tissues,
developmental stages, and stresses (see below) but
also identified conserved promoter regions among
coregulated genes (Hudson and Quail, 2003). Al-
though all three expression profiling platforms are
available in Arabidopsis (Table II), the spotted oligo-
nucleotide array and Affymetrix chips are the methods
of choice for gene expression profiling in Arabidopsis.
In the last few years, only a limited number of research
groups have had access to rice spotted cDNA and
Affymetrix arrays, resulting in a minimal number of
publications on expression profiling. Recently, a high-
density array is now available to the public (http://
www.agilent.com/about/newsroom/presrel/2003/
06nov2003a.html) with a second array to be avail-
able in mid-2004 (http://www.ricearray.org). After
learning from the Arabidopsis experiences, the oligo-
nucleotide-based arrays are the preferred platform as
these have proven to be cost-effective, provide high
specificity, and avoid the problems of clone-tracking
and PCR amplification inherent to the spotted cDNA
or amplicon arrays.

CASE STUDIES

In the case studies below, we do not intend to
provide a comprehensive review on the status of
Arabidopsis and rice functional genomics. Instead,
we selected recent publications that we feel illustrate
the themes of research in these two model species.

Table II. Resources available for large scale functional genomics in Arabidopsis and rice

Arabidopsis Rice

Reverse genetics http://signal.salk.edu/cgi-bin/tdnaexpress http://tos.nias.affrc.go.jp/;miyao/pub/tos17/
http://tilling.fhcrc.org:9366/ http://www.pi.csiro.au/fgrttpub/
http://www.nadii.com/pages/collaborations/
garlic_files/GarlicDescription.html (SAIL lines
will be available through ABRC in May 2004)

http://enhancertraps.bio.upenn.edu/
Molecular reagents
ESTs http://arabidopsis.org/servlets/Order?state5

catalog
http://rgp.dna.affrc.go.jp/Cloneaccess.html

Full-length cDNA collection http://pfgweb.gsc.riken.go.jp/projects/
raflcdna.html

http://cdna01.dna.affrc.go.jp/cDNA/

Publicly available gene expression
profiling platforms
Oligonucleotide arrays http://www.ag.arizona.edu/microarray/ http://www.ricearray.org
Agilent arrays http://www.chem.agilent.com/Scripts/

PDS.asp?lPage59892
http://www.agilent.com/about/newsroom/
presrel/2003/06nov2003a.html

Affymetrix arrays http://www.affymetrix.com/products/arrays/
specific/arab.affx
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Genome-Wide Comparison of Gene Families

One of the first and most informative studies that
can be made upon the availability of genome sequence
is a genome-wide comparison of gene families, both
within and between species. We present four examples
of gene families, P-Type ATPase ion pumps (Baxter
et al., 2003), CONSTANS-like genes (Griffiths et al.,
2003), cryptochromes (Matsumoto et al., 2003), and
calcium-sensing gene families (Kolukisaoglu et al.,
2004) that have been examined in both rice and
Arabidopsis and shed light on conserved genes and
pathway components in these twomodel species. With
respect to P-type ATPase ion pumps, Arabidopsis has
the highest number of genes (46) reported in any
organism with rice having a similar number (43). Both
species have representatives in all 5 major subfamilies
of P-type ATPase ion pumps, indicating that monocots
and dicots have evolved a similar large pool of P-type
ATPAse ion pumps (Baxter et al., 2003). The CO
(CONSTANS) gene of Arabidopsis has an important
role in the regulation of flowering by photoperiod and
is a member of a large gene family (17 members),
whereas in rice only 16 gene family members could be
identified. Although both species have similar gene
numbers and contain family members from all 3 major
CO-gene family classes, structural differences exist
between the rice and Arabidopsis orthologs (Griffiths
et al., 2003). Orthologs of the two Arabidopsis blue-
light-receptor cryptochromes (AtCRY1 and AtCry2)
are also present in rice (OsCRY1 and OsCry2). Cryp-
tochromes regulate seedling deetiolation, entrainment
of the circadian clock, and day length-sensitive timing
of flowering and have similar functions in rice and
Arabidopsis. Interestingly, cryptochromes have been
detected in both the rice nucleus and the cytoplasm yet
only in the Arabidopsis nucleus, suggesting additional
functions for these proteins in rice (Matsumoto et al.,
2003). In calcium signaling, a similar number of
calcium-binding proteins such as calcineurin B-like
proteins and their target kinases the calcineurin B-like-
interacting protein kinases are present in Arabidopsis
and rice, suggesting a similar level of complexity
within this signaling network (Kolukisaoglu et al.,
2004). Collectively, these examples demonstrate that
comparative analyses can provide not only functional
information regarding the number of genes in the
reciprocal species but also identify conservation or
divergence of pathways.

Flowering Pathways in Arabidopsis and Rice

Arabidopsis and rice differ greatly in flowering time
as Arabidopsis is a long day plant whereas rice is
a short day plant. In Arabidopsis, molecular and
genetic approaches were used to identify the compo-
nents and pathways that regulate floral induction (for
review, see Mouradov et al., 2002). In rice, the compo-
nents of the flowering pathway were identified by
mapping quantitative trait loci for photoperiod sensi-

tivity (Yano et al., 2000; Takahashi et al., 2001). Com-
parative analyses with the rice genome sequence
revealed that a majority of the Arabidopsis compo-
nents are present in rice (Izawa et al., 2003). In
addition, functional analyses in rice demonstrated that
the key regulatory genes for flowering time are con-
served between Arabidopsis and rice (Hayama et al.,
2003). However, the function of a central transcrip-
tional regulator is reversed between Arabidopsis and
rice, demonstrating that distinct photoperiodic re-
sponses can be conferred by the same genetic pathway
(for review, see Cremer and Coupland, 2003; Izawa
et al., 2003). The discovery of a similar pathway in
these two species that represents a major developmen-
tal difference illustrates that similar function cannot be
inferred from sequence similarity alone and that
functional studies involving knockout mutants, cou-
pled with interchange of the signaling pathway com-
ponents, will be needed.

Responses to Abiotic Stress

Abiotic stresses such as salinity, low temperature,
and drought tolerance are important aspects of plant
research as abiotic stress is a substantial limitation
to further increases in global crop production. Once
again, efforts in Arabidopsis have accelerated studies
in rice. At the level of transcriptional control, the
dehydration-responsive element binding/C-repeat
transcription factors that control expression of many
stress-inducible genes in Arabidopsis are present in
rice (Dubouzet et al., 2003). These genes are also
functionally interchangeable as overexpression of
OsDREB1A in Arabidopsis resulted in the overex-
pression of a subset of the targets of the AtDERB1A
transcription factor, indicating similar function in
these two species (Dubouzet et al., 2003). The function
of the rice OsMyb4 transcription factor that is induc-
ible by low temperature was functionally character-
ized by overexpression in Arabidopsis (Vannini et al.,
2004). In addition to comparative genomics and trans-
genic approaches, microarrays have been extensively
used to identify genes involved in abiotic stress
responses (Hazen et al., 2003). A comparison of
expression data from rice microarrays to expression
data of similar experiments in Arabidopsis revealed
that of 73 genes differentially expressed in rice, 51 had
been associated with stress responses in Arabidopsis
(Rabbani et al., 2003). This indicates that there is
a substantial degree of overlap that can be leveraged
by researchers.

Plant Development

As representative of the monocots and dicots, rice
and Arabidopsis have clear phenotypic differences,
and comparison of developmental pathways between
these two species will provide a foundation for
understanding essential features of taxonomic dif-
ferentiation in the angiosperms. The Arabidopsis
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WUSCHEL and SCARECROW genes are involved in
diversification of cell function and specification of cell
fate. Orthologs have been identified in rice and func-
tion in similar processes (Kamiya et al., 2003a, 2003b).
In rice, regulators of shoot branching, Lax Pinnacle
(LAX) and Small Pinnacle (SPA), were identified from
mutant populations (Komatsu et al., 2003). Although
LAX encodes a basic helix-loop-helix transcription
factor (bHLH) and a number of bHLH proteins can
be found in Arabidopsis, the similarity of LAX in
Arabidopsis is limited to the bHLH domain, illustrat-
ing the value of using rice mutants to identify features
unique to grasses (Komatsu et al., 2003). Root de-
velopment in Arabidopsis is well studied because of
its simple architecture and the availability of molecu-
lar and genetic tools (for review, see Benfey and
Scheres, 2000). As rice roots differ from Arabidopsis
with respect to the anatomy of individual roots and the
role of the embryonic root in development, Arabidop-
sis may not be a general model for root development
(for review, see Hochholdinger et al., 2004). Current as
well as pending functional genomics efforts should
lead to the identification of rice mutants, which will
aid in the identification of genes unique to rice
development.

Microarray Data

Microarrays provide several layers of annotation for
a genome. First, expression patterns can reveal poten-
tial functions for genes based on correlation of expres-
sion with phenotype. Second, expression profiles on
a genome-wide scale enable the identification of co-
regulated genes. Using clustering algorithms, genes
with similar expression patterns can be grouped and
inferences can be made with respect to function by
extending annotation of known genes within these
clusters to genes with no known function within the
cluster. Third, regulatory motifs associated with co-
regulated genes can be identified. This principle has
been used to identify genes, as well as the underlying
transcriptional network, of seed development in Ara-
bidopsis (Girke et al., 2000; Ruuska et al., 2002). Grain
filling in rice is expected to be different from Arabi-
dopsis seed development due to the difference in seed
structure, developmental process, and storage re-
serves. A multi-layered approach was used to not
only identify grain filling genes in rice but also to
determine regulatory features involved in transcrip-
tional control. First, genes were selected based on
computational approaches. Second, additional genes
that had similar expression profiles during grain filing
were identified from microarrays. Third, based on
patterns of coregulation, regulatory motifs important
in grain filling were identified (Zhu et al., 2003).
While not widely available or developed in either

rice or Arabidopsis, proteomics has the potential to
further identify similarities and differences between
these two species as the integration of protein-protein
interaction data with expression profiles can provide

functional information. Such a study was performed
in rice, and candidate genes in biotic stress in rice were
proven to have a similar function in Arabidopsis
(Cooper et al., 2003). Clearly, continued use of global
expression profiling will result in generation of large
datasets of functional data for rice and Arabidopsis.
From the integration of these datasets, new types of
annotation for these genomes will be generated.

CONCLUSIONS

Rice has clearly benefited fromArabidopsis research,
both in the use of functional data and in research
methodology. In parallel, Arabidopsis has benefited
from the advances in rice genomics as rice currently is
a robust platform for hypothesis testing. In addition,
the availability of two model species, both with deep
genomic resources, allows for comparative analyses
and insight into evolution, adaptation, and differenti-
ation within the angiosperms. For example, Arabidop-
sis and rice share a substantial number of orthologous
genes, but the pathways and the underlying networks
may function in an alternative fashion due to the lack of
absolute 1:1 pairing of Arabidopsis-rice orthologs or an
alternative function of the orthologs. Thus, an imme-
diate challenge in rice genomics will be to provide
functional data for gene family members that lack an
ortholog inArabidopsis. Simple sequence comparisons
betweenArabidopsis and rice can identify these similar
genes, but at this time theymaybe incomplete due to by
the unfinished rice genome sequence and preliminary
natureof the rice genomeannotation. Itmay also be that
more advanced algorithms are needed to detect simi-
larities with a high enough confidence for a gene to be
called shared between Arabidopsis and rice. Thus, the
completionof the rice genome sequence, the refinement
of the annotation, and the integration of functional data
will provide more accurate insights into how different
(or similar) the two species are. For a broader under-
standing of plant gene function, it may be more
interesting to focus on rice-specific genes (and Arabi-
dopsis-specific genes) as thesemay better represent the
fundamental differences between rice andArabidopsis
and, potentially, a monocot and dicot. The growing
availability of mutant collections of rice and ricemicro-
arrays, coupled with the refinement of functional
genomic tools in Arabidopsis, should accelerate the
functional characterization of these genes within these
two model species.
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